
RESEARCH OBJECTIVES
The current growing interest in nanomaterials and nanotech-

nology has stimulated the geoscience community to evaluate the
roles of nanoparticle phenomena in many of the earth’s natural
p rocesses. There is currently little quantitative information avail-
able on the abundance and mobility of nanoparticles in the sub-
surface. The importance of natural nanoparticles in facilitating
chemical transport can only be evaluated based on knowledge of
their inventories and mobility. The objective of this re s e a rch is to
a d d ress these two most basic questions: how abundant and how
mobile are nanoparticles in the subsurface? 

APPROACH
To quantify the influences of soil properties on nanoparticle

abundance and mobility, we collected re p resentative types of
soils from DOE facilities, including the Oak Ridge, Hanford ,
L i v e r m o re, and Savannah River Sites, all having diff e rent min-
e r a l o g y, soil texture, and pH. Batch equilibrium and column-
leaching experiments were conducted using two diff e rent kinds
of solutions. One was Na-hexametaphosphate, a strong dispers-
ing agent, used to obtain maximum particle releases, there b y
defining the total inventories of nanoparticles. The other was a
diluted soil pore solution, used to determine potentially mobile

fractions of nanoparticles. In these tests, nanoparticles were
defined by an upper effective diameter of 100 nm.

ACCOMPLISHMENTS
We found that: (1) nanoparticles are ubiquitous in soils, and

the inventories are proportional to their clay and organic mat-
ter fractions; (2) natural nanoparticles in soils consist primarily
of common clay minerals and organic matter; and (3) the
mobility of nanoparticles is highly pH dependent. No mobile
fractions were detected in acidic soils, even when their total
nanoparticle inventories were large.

SIGNIFICANCE OF FINDINGS
This research has provided the first survey of mobile

nanoparticle inventories of sediments from a variety of subsur-
face environments. The finding that mobile nanoparticle frac-
tions in natural acidic soils are practically undetectable is an
important new insight for the environmental nanogeosciences.
These studies will help constrain calculations of subsurface
transport associated with nanoparticles.
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Figure 1. Examples of measured potentially mobile mass (red and
≤ 0.1 µm) vs. mass of total colloid (including nanoparticle) inven-
tory (blue shaded area). For the Hanford soil (pH 8.0), all the dis-
persible nanoparticle mass is potentially mobile. For the
Livermore soil (pH 6.7), only a small fraction of the total dis-
persible nanoparticle inventory is potentially mobile.
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